Background. The K/DOQI Clinical Practice Guidelines for Bone Metabolism and Disease in Chronic Kidney Disease was published in October 2003. The objective of this study was to analyse the effect of the application of those guidelines on clinical practices and on the achievement of bone disease targets and quality standards. Methods. We included in the study 342 patients dialysed in our three HD units during and 2004 . Starting October 2003, the K-DOQI recommendations were introduced into practice. Parathyroid hormone (PTH) was measured every 3 months and the serum Ca and P levels, monthly. In patients whose medications were modified, PTH was measured monthly and Ca and P levels, weekly or biweekly. Results. The following are the main findings for 2004 (post-K/DOQI): an increased use of dialysates with a Ca concentration of 2.5 mEq/l (27.2-50.9%, P<0.001) and a reduced use of a dialysate calcium of 3.0 mEq/l (44.6-39.6%, P: NS) and 3.5 mEq/l (28-9.4%, P<0.001); a reduced use of calcium-based phosphate binders (891.9-565.5 mg Ca/day, P<0.001) and increased use of sevelamer hydrochloride (800 mg) (from 4.86 to 7.51 mg, tablets/day, P<0.001) lower serum Ca levels (9.7-9.4 mg/dl, P<0.01), and higher intact PTH levels (201.4-311.8 pg/ml, P<0.001), without changes in serum P levels; an increased proportion of patients with serum Ca levels within the K/DOQI target range (38.7-46.6%, P<0.01), resulting mainly from the reduced percentage of patients with hypercalcaemia (55-44.4%, P<0.01); a decreased proportion of patients with PTH<150 pg/ml (53.8-31.4%, P<0.001) but an increased proportion of patients with PTH>300 pg/ml, with no change in the proportion of patients with PTHs within the K/DOQI target range. Phosphorus levels and targets did not show significant differences between 2003 and 2004 (56.9-56.2%, P: NS).
Introduction
Clinical practice guidelines have long been used in clinical medicine, having been developed by physicians as a means of improving quality of care and objective medical decision making, and also for optimizing the use of resources [1] . The National Kidney FoundationDialysis Outcomes Quality Initiative (NKF-DOQI) Clinical Practice Guidelines established a widely accepted set of recommendations for high quality dialysis care [2] . Nevertheless, a number of serious deficiencies in the application of the guidelines to clinical practice have been pointed out [3] , their validity in changing physician practices and modifying patient outcomes remains largely untested, and there are considerable variations in their impact on medical (or clinical) practice [4, 5] .
The only way of ensuring that clinical practice guidelines actually improve health care outcomes is to increase the emphasis placed on implementation strategies and on the scientific evaluation of their effectiveness in clinical settings. This approach could include the development of implementation support systems in individual dialysis centrers, clinical audit programmes and methods of gathering and feeding back information regarding practices. In this context, clinical performance measures (CPMs), based on the targets established by the Guidelines, are important tools for assessing and improving the quality of care in haemodialysis (HD) units [6] .
Since 2001, our three HD units have implemented a quality management system (QMS) that includes the routine use of CPMs and quality standards. The objective of this study was to analyse the effect of the K/DOQI Guidelines for Bone Metabolism and Disease on changing clinical practices in the three HD units and its effect on bone disease targets and quality standards in haemodialysis.
Methods

Patients
We included in this study 342 
Objectives, quality standards and treatments
The objectives and quality standards in 2003, i.e. those in effect prior to the publication of the K/DOQI guidelines in October 2003, were as follows: the maintenance of serum parathyroid hormone (PTH) levels between 120 and 250 pg/ml, predialysis serum calcium (Ca) between 10 and 10.5 mg/dl, phosphorus (P) levels between 3.5 and 5.5 mg/dl, and the calcium Â phosphorus product (CaÂP) below 60 mg 2 /dl 2 . Starting October 2003, the K-DOQI recommendations were applied. The objectives in 2004 were to maintain PTH between 150 and 300 pg/ml, serum Ca between 8.4 and 9.5 mg/dl, P between 3.5 and 5.5 mg/dl, and CaÂP below 55 mg 2 /dl 2 (Guideline 6.5) [12] . In both the periods, drug dose adjustments were made based on serum Ca, P, PTH and Ca Â P values. During 2003, vitamin D administration was discontinued if serum Ca exceeded 11 mg/dl, P 6 mg/dl, Ca Â P 60, or if PTH levels fell below 120 pg/ml. Dialysate calcium content was determined individually, based on particular serum Ca levels and the dose of vitamin D administered. A dialysate calcium content of 3 mEq/l was preferentially used. A bath containing 2.5 mEq/l of Ca was used, in some cases to maintain serum Ca levels within the target range and preventively in patients treated with higher doses of vitamin D or in patients whose serum P levels required increasing the doses of calcium-containing phosphate binders.
In 2004, vitamin D administration was discontinued if serum Ca exceeded 10.2 mg/dl (Guideline 6.3), P 5.5 mg/dl or Ca Â P product 55, or if PTH levels fell below150 pg/ml. In accordance with DOQI recommendations (Guideline 9.1), a dialysate calcium content of 2.5 mEq/l was preferentially used; a higher dialysate Ca content was used when serum Ca was less than 8.4 mg/dl.
In both the periods, patients were treated with intravenous pulses of (for them) the same vitamin D derivatives (Alphacalcidol, Etalpha Õ , Leo Pharma, in unit A, and Calcitriol, Calcijex Õ , Abbott, in units B and C) given immediately after haemodialysis sessions. Variable doses of calcium acetate or calcium carbonate and sevelamer were used to achieve the target serum P level, being adjusted according to patient response until the target PTH was achieved, which was then kept at the dose necessary to maintain it.
Monitoring
Routinely, PTH was measured every 3 months, and serum Ca and P monthly. In patients whose drug doses were modified, PTH, Ca and P measurements were made more frequently (PTH monthly, and calcium and phosphorus weekly or biweekly). All blood samples were drawn immediately before the mid-week dialysis session.
As part of our QMS, we calculate and register, either monthly or every 3 months, the following CPMs: the means of all measurements of serum Ca, P, PTH and Ca Â P; the percentages of patients whose serum Ca was <8.4 mg/dl, between 8.4 and 9.5 mg/dl or >9.5 mg/dl, whose serum P was <3.5 mg/dl, between 3.5 and 5.5 mg/dl or >5.5 mg/dl, whose serum PTH was <150 pg/ml, between 150-300 pg/ml or >300 mg/dl, and of those whose Ca Â P was <55 mg 2 /dl 2 . We established the percentages of patients using dialysates with Ca concentrations of 2.5 mEq/l (sodium [Na] 140 mEq/l, potasium [K] 1.5 mEq/l, magnesium [Mg] 1 mEq/l, chlorine [Cl] 108.0 mEq/l, acetate 3 mEq/l, glucose 1.0 mEq/l, bicarbonate 34 mEq/l), 3 mEq/l (Na 140 mEq/l, K 1.5 mEq/l, Mg 1 mEq/l, Cl 108.5 mEq/l, acetate 3 mEq/l, glucose 1.0 mEq/l, bicarbonate 34 mEq/l) or 3.5 mEq/l (Na 140 mEq/l, K 2 mEq/l, Mg 1 mEq/l, Cl 109.5 mEq/l, acetate 3 mEq/l, glucose 1.5 mEq/l, bicarbonate 34 mEq/l). We also established the average consumption of calcium-based phosphate binders (expressed as milligrams of calcium element/day), and the average dose of a non-calcium, nonaluminium, non-magnesium-containing phosphate binding agent (sevelamer hydrochloride, expressed as the number of 800 mg tablets of sevelamer/day).
Laboratory tests
Serum calcium (UV-Vis spectrophotometry, normal laboratory values: 8.6-10.4 mg/dl), phosphorus (UV-Vis spectrophotometry, normal laboratory values: 2.7-4.5 mg/dl) and intact PTH (electrochemoluminescence technique, normal laboratory values: 10-65 pg/ml) were assayed on blood samples obtained immediately before the mid-week dialysis session. 
Statistical analysis
The Student's unpaired t-test was used to compare the 2003 and 2004 means of all PTH, Ca, P and Ca Â P values, as well as the means of the monthly percentages of patients with Ca levels between 8.4 and 9.5 mg/dl, P levels between 3.5 and 5.5 mg/dl, PTH levels between 150 and 300 pg/ml and (Ca Â P)<55. We also compared the means of the monthly percentages of patients using different dialysate calcium concentrations, as well as the average total dose of elemental calcium provided by the calcium-containing phosphate binders used (expressed as mg of calcium element/day) and the average dose of the non-calcium, non-aluminium, non-magnesium-containing phosphate binding agent (expressed as the number of 800 mg tablets of sevelamer hydrochloride/day).
Correlations among the monthly percentages of patients using different dialysate calcium concentrations and the monthly means or target levels of PTH and serum Ca were assessed using Pearson correlation coefficients or Spearman rank order coefficients, as appropriate. A value of P<0.05 was considered statistically significant.
Results
Demographics
The demographics of the patients studied are summarized in Tables 1 and 2 Clinical practices Dialysate calcium concentrations. As shown in Table 3 , during 2004 (post-K/DOQI) the percentage of patients using a dialysate Ca concentration of 2.5 mEq/l increased and the percentage of those using a concentration of 3.5 mEq/l decreased significantly. Although there was a reduction in the percentage of those using a Ca dialysate of 3.0 mEq/l, the difference between the two periods did not reach statistical significance (P ¼ 0.1).
Use of phosphate binders
As shown in Table 3 , the prescription of calcium-based phosphate binders was significantly reduced during 2004 (post-K/DOQI), whereas that of a non-calcium, non-aluminium, non-magnesium-containing phosphate binding agent (sevelamer hydrochloride) increased significantly.
K/DOQI targets
As can be seen in Table 3 , compared with 2003, during 2004 (post-K/DOQI), the mean serum PTH was significantly higher, the mean serum Ca was significantly lower, and there was no significant change in the mean serum P. The proportion of patients who had PTHs >300 pg/ml increased significantly; at the same time, there was a reduction in the percentage of those with a PTH <150. The proportion of those meeting the K/DOQI target for PTH (between 150 and 300 pg/ml) decreased, although the difference did not reach statistical significance. During 2004 (post-K/DOQI), there was a significant reduction in the proportion of patients with hypercalcaemia (calcium >9.5 mg/dl), as well as a significant increase in the percentage of patients who had Ca levels within the K/DOQI target range (between 8.4 and 9.5 mg/dl). We found no significant changes in the percentage of patients within or outside the targets for P.
In the analysis of CPMs, a higher proportion of patients with a dialysate calcium concentration of 3.5 mEq/l was significantly and independently associated with higher mean serum Ca (r ¼ 0.53; P<0.001), patients with a greater proportion of hypercalcaemia (r ¼ 0.40; P<0.001), with a lower mean PTH (r ¼ À0.8; P<0.001), with a lower proportion of patients with PTH >300 pg/ml (r ¼ À0.7; P<0.001) and with a higher percentage of patients with PTH <150 pg/ml (r ¼ 0.7; P<0.001).
A higher proportion of patients with a calcium dialysate concentration of 2.5 mEq/l was significantly associated with higher mean serum PTH (r ¼ 0.7; P<0.001), with a higher proportion of patients with PTH>300 pg/ml (r ¼ 0.5; P<0.001), and with a lower percentage of patients with PTH<150 pg/ml (r ¼ À0.7; P<0.001).
Discussion
The main findings in our three HD units during 2004 (post-K/DOQI) were the following:
(1) The use of a dialysate with a Ca concentration of 2.5 mEq/l increased, while that of a concentration of 3.5 mEq/l decreased significantly. At the same time, we observed a significant reduction in the use of calcium-based phosphate binders and a significant increase in the use of non-calcium, nonaluminium, non-magnesium-containing phosphate binding agents (sevelamer hydrochloride). (2) Lower serum Ca levels, higher PTH levels and no changes in serum P levels. (3) The proportion of patients with serum Ca levels within the K/DOQI target range was significantly increased, mainly due to a reduction in the percentage of patients with hypercalcaemia. (4) The proportion of patients with PTH levels within the K/DOQI target range did not change significantly. In fact, the proportion of patients with PTH <150 pg/ml decreased, but the proportion of patients with PTH>300 pg/ml increased significantly. Disturbances in mineral and bone metabolism are common in patients with chronic kidney disease (CKD), and their long term presence have become a source of growing concern in the care of these patients. For example, cardiovascular calcifications secondary to increases in phosphate and calcium load could make an important contribution to excess cardiovascular mortality and morbidity in dialysis patients [8, 9] . In fact, it has been shown [10] that all-cause and cardiovascular mortality are significantly and independently associated with serum Ca levels and even more consistently with serum P [11] . In October 2003, the K/DOQI Clinical Practice Guidelines for Bone Metabolism and Disease in CKD, was published [12] to provide information and to assist in decision-making in this complex problem. Nevertheless, many European clinicians were not entirely convinced of the value of another set of prescriptive US guidelines, and a group of European nephrologists gathered to discuss the guidelines and comment on potential differences in practice [13] .
The only way of ensuring that those guidelines actually improve health care outcomes is to emphasize implementation strategies and also the scientific evaluation of their effectiveness in clinical settings.
Up until the publication of the K/DOQI Guidelines, there was greater permissiveness regarding acceptable calcium values in patients on dialysis, and serum Ca values between 10 and 10.5 mg/dl were considered 'normal' for the purpose of avoiding the stimulating effect of low plasma concentrations on PTH secretion and on PTH mRNA levels and parathyroid cell proliferation [14] . Among the most important changes in practice that the K/DOQI Guidelines put forward were the recommendations that the corrected total serum Ca should be maintained within the normal range for the testing laboratory, preferably towards its lower limit (between 8.4 and 9.5 mg/dl), that the serum (Ca Â P)<55 mg 2 /dl 2 , and that a corrected total serum Ca >10.2 mg/dl should be considered as hypercalcaemia (Guidelines 6.2, 6.5 and 6.3).
In order to reach these objectives, a reduction in oral calcium dosing (by reducing the use of phosphorusbinding agents containing calcium and increasing the use of binders that do not contain calcium, Guideline 6.3a) and the use of dialysates containing less Ca þ (Ca 2.5 mEq/l) were proposed. We applied these measures in our three HD units: during 2004, the use of a dialysate with a calcium concentration of 2.5 mEq/l and of non-calcium, non-aluminium, nonmagnesium-containing phosphate-binding agents was increased, whereas the use of dialysates with calcium concentrations of 3.0-3.5 mEq/l and calcium-based phosphate binders was reduced. The consequence of these actions was an improvement in the achievement of the K/DOQI Ca targets. In fact, the mean serum Ca levels decreased, as did the proportion of patients with serum Ca >9.5 mg/dl, whereas no significant change was recorded in the percentage of patients with hypocalcaemia.
Maintaining serum Ca levels at the lower end of the normal range, and the use of a low-calcium dialysate are controversial measures [14] . It has been postulated that keeping calcium at the lower end of the normal range may not be desirable; rather, a value in the middle range may be preferable. Serum Ca levels at the lower end of the normal range could make it more difficult to achieve control of the parathyroid function. The worsening of secondary hyperparathyroidism has been reported in patients dialysed with low calcium dialysates, probably due to the stimulation of PTH secretion resulting from a negative calcium balance during dialysis [15] , and PTH levels have been inversely associated with calcium dialysate concentrations. In our HD units, the proportion of patients with PTH levels within the K/DOQI target range decreased, while the percentage of patients with PTH >300 pg/ml increased. The increase in PTH values after implementation of the K/DOQI guidelines did not seem to be related to a poorer control of phosphate levels, since P levels were not significantly different between 2003 and 2004. We, therefore, postulate that the stimulation of PTH secretion could be explained by the lower levels of serum Ca, in turn due to a more frequent use of calcium dialysate with a concentration of 2.5 mEq/l (which was significantly associated with a higher serum PTH) and the reduced use of calcium salts.
Current therapeutic strategies based on vitamin D compounds and calcium-containing phosphate binders are difficult to implement effectively, because both agents have substantial, and often dose-limiting, calcaemic actions that prevent the attainment of treatment targets. Dialysis against a 2.5 mEq/l calcium dialysate, and reductions in the use of calciumcontaining phosphate binders, might improve the achievement of serum Ca targets, though at the price of worsened hyperparathyroidism-as was our experience.
Probably, an appropriate dialysate composition must be selected according to individual patient calcium and PTH levels and bone histology [16, 17] . A lower calcium dialysate concentration might be considered when PTH is low, since therapeutic interventions associated with excessive lowering of parathyroid activity (parathyroidectomy, or excessive calcium or aluminium loading) favour lower bone turnover and adynamic bone disease, which in turn could influence the development and progression of vascular calcifications [20, 21] . It is necessary to balance the potential adverse effects of calcium overload against the possible beneficial effect of PTH suppression. In our study, the proportion of patients with PTH <150 pg/ml decreased, though an increase was observed in the proportion of patients with uncontrolled hyperparathyroidism-this probably being attributable to the sum of such factors as low calcium dialysates, the maintaining serum Ca levels at the lower end of the normal range and a decrease or suppression of the vitamin D dose in the face of calcium levels that were considered acceptable prior to the publication of the K/DOQI Guidelines.
Despite the presumed benefits of maintaining PTH, calcium and phosphorus concentrations within the proposed ranges of the Guidelines, evidence suggests that the vast majority of dialysis patients are uncontrolled in this regard [18] , and points to the need for more effective therapeutic options-for example, vitamin D analogues with lower hypercalcaemic potential [19] , calcimimetic agents [20] or daily haemodialysis or thrice weekly, overnight dialysis. A recent study shows cinacalcet-treated patients to be more likely to achieve the K/DOQI recommended targets for PTH (56%), calcium (49%) and phosphorus (46%) [21] . In summary, the impact of the K/DOQI Guidelines on improving bone metabolism and disease among dialysis patients remains to be determined. As our study has shown, one way of doing so is to establish well-defined targets of physiologic parameters, determine the resources, means and time needed to reach such targets (planning), adopt corresponding guidelines on how to proceed (protocols), and know what to look for to ascertain that the approach is correct (CPMs).
In any case, CPMs are only markers that alert us to the existence of possible areas open to improvement. They must be followed by more in-depth analyses to identify the causes and possible solutions for problems in patient management. In this sense, the results of our study are population-based and merely orientational, though presently we are conducting a more detailed analysis of only the patients dialysed in both 2003 and 2004.
